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PERFORMANCE COF A HIGH-SOLIDITY HIGH-PRESSURE-RATIO TRANSONIC ROTCR

By Harvey E. Neumann

SUMMARY

A J4-inch high-solidity mixed-flow transonic rotor with an inlet
radius ratio of 0.52 was tested in Freon-l2. The rotor developed a
total-pressure ratio of 1.93 and an efficiency of 92 percent at an
equivalent wheel tlp speed of 1036 feet per second in sir and an equiva-
lent weight-flow rate of 24.3 pounds per second per sguare fool frontal
area in gir. The maximum efficliencies at g8ll lower speeds tested re-
mained sbove 390 percent. As the weight flow was reduced, an abrupt
total-span rotating stall was developed. The stalled region covered
gpproximately one-third of the annulus ares. The stall-free range of
this rotor is smsller than that of a transonic stage of conventional
solidity.

INTRODUCTION

As shown by engine tests and snalyses (refs. 1 snd 2), two important
off-design axizal-flow compressor operating problems are blade fallures
at low compressor speeds and poor engline scceleration characteristics.
These problems result from compressor rotating-stall and surge character-
istics. At low compressor speeds the rotating stall is inlitisted in the
inlet stages of the compressor. The blade failures at low compressor
speeds are usually due to resonant blade vibrstions thest arise from the
alternate high- and low-flow zones that rotate gbout the compresson axis
during this stalled operation.

)

During rapid engine acceleration, the turbine-inlet temperature
rises and results in lower alr flows and higher compressor pressure
ratios, thus causing the inlet stages of the compressor to operate closer
to the compressor stall-limit line. Poor engine acceleration character-
isties can result, therefore, when the inlet stages have an inadequate
range of welght flow between the equilibrium opereting line and the com-
pressor stell-limit line.

Cascade tests (ref. 3) indicate that wider ranges of weight flow
with stable operation can be obtained by increasing the solidity of the
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blades. In additlon, blades with low aspect ratios are less susceptible
to resonant blade vibrations induced by rotating stall. The purpose of
this investigation was to determine the performance and sultability of a
high-solidity low-aspect-ratic transonic rotor for the inlet stages of
an axial-flow compressor.

The over-all performance, the evaluation of the weight-flow range,
and the assoclated stator problems of the high-solidity low-aspect-ratio
transonic rotor used in this investigetion are presented for seven cor-
rected wheel tip speeds from 518 to 1184 feet per second in alr, The
stall characteristics of the rotor are presented for six corrected wheel
tip speeds from 518 to 1036 feet per. second in air,.

SYMBOIS

AH increase in specific stagnation enthalpy from station O to station
3, Btu/1b

AHis increase in specific stagnation enthalpy at constant entropy from
conditions at station O to Pz, Btu/lb

i angle of incidence, deg

M absolute Mach number, retic of sbsolute veloclty of fluid to
local veloclty of sound

M relative Mach number, ratlio of velocity of fluid relstive to
rotor to local. velocity of sound

P absolute total pressure

Pe absolute static pressure on casing

r ‘radisl distance from axis of rotation, in.

U rotative speed of rotor, ft/sec

W velght flow of gas, 1b/sec

Z distance parallel to axis of rotor, in.

5 ratio of total pressure to standard NACA ses-level pressure

€ angle between axis of rotation end absolute veloclty vector, deg

Nad adisgbatic efficlency of rotor, AHiB/AH

a retio of total temperature to standard NACA sea-level temperature
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Subscripts:
da design
e equivalent value for standard pressure and tempersture
0 entrance tank upstream of nozzle (see fig. 1)
1 station 1 at rotor entrance (see fig. 1)
2 discharge flow condlitions from second transonic stage or from
assumed stator for high-solidity tramnsonic rotor
3 station 3 at rotor exit (see fig. 1)
ROTCR DESIGN

The rotor tested is a modification of the supersonlc rotor with
high-solidity blades previously reported in reference 4, The 14-Iinch-
dlameter rotor has an inlet radius ratio of 0.52 and 22 alumlinum blades
of constant thickness (1/8 in.) at the tip.

The rotor of reference 4 employed inlet guide vanes which turned
the gas in a direction counter to the wheel rotation. The relative dis-
charge flow of the rotor was turned past axial., With this type of design,
the work impubt decreases with a decrease in flow. Surge analyses Cref.
5) indicate that s wider range of weight Tlows befare encountering surge
might be obtained with a design which increases the work input with a
decrease in flow. In order to obtain such a characteristic, the inlet -
guide vanes of the rotor of reference 4 were removed, and the axlial
length of the rotor was reduced until there was no longer a turning of
the flow past axigal. The trailing edge was then swept forward at an
angle of 35.93° to reduce the radial variation of the work output. A
15¥ trailing-edge wedge was used. The blade entrance and discharge
angles and a schematic dlsgram of the alteration are given in figure 1.
The coordinates of the blade surface and the hub contowr are given in
reference 4,

The removal of the guide vanes also reduced the inlet Msch number,
thus making the inlet conditions more comparsble with those of typical
transonic inlet stages.

TEST APPARATUS
The rotor was tested with Freon-12 as the working £1uid 1in a closed

gsystem as is shown in figure 2(a). The rotor was driven by a 3000-
horsepower variable-frequency motor through a gear train. The pressure

e,
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developed by the rotor was dissipated across the discharge throttle at
the end of the radial diffuser . (fig. 2(b)). The gas flowed from the
discharge collector through fwin cooler assenmblies to the inlet tank.
An sdditional throttle was used in the inlet to control the pressure on
the coolers.

INSTRUMENTATION AND FROCEDURE

Inlet total pressures and temperatures were measured in the inlet
tank, and the welght flow was determined by using the four statlc-
pressure taps of the calibrated nozzle., The test section and the
measuring stations are shown in figure Z(b) Total pressures snd flow
angles at station 1 were determined by ll-point redial surveys using
claw - total-pressure probes at three circumferential positioms. The
static pressures were obtained from four pressure taps on the hub and
four on the casing. The variations of . the discharge-flow properties
were determined at statlon 3 by radial surveys with four semishlelded
thermocouple probes, three claw - totsl-pressure probes, and three L
statlic-pressure probes., The unsteady flow was qualitatively studied
with radial surveys using hot-wire anemometers at six circumferential
locations et both stations 1 and 3. Five catenary dlaphragm pressure
transducers were also used to study the unsteady stetic-pressure fluctua-
tions, Two transducers were placed at statlon 1 and three at station 3
in circumferential positions such that the number and direction of
rotation of rotating phenomens could be determined. The probes and
transducer used in this Investigation sre shown in figure 3. The fre-
quency response of the transducer system was within 1 percent from O
to 20,000 cps. The resonant frequency of the transducer 1s spproximately
45,000 cps. . o i e : . n

The shape of the over-all performance characteristic curves was
obtalned by measurements at the area centers af three equal annular
areas. At . certaln points of Interest more detailed performance weas
determined by means of 1l-point radial surveys.

The performence of this rotor was determined over a range of back
pressures from open throttle to nearly closed throttle for six speeds
from corrected wheel tlp speeds of 518 to 1036 feet per second in air.
At o wheel tip speed of 1184 feet per second the performance wes deter-
nined from open throtile to the inciplent-stall polnt. The inlet-tank
pressure varied from 19 to 29 inches of mercury absolute. The inlet .
total temperature varied from 65° to 110° F. The.Freon-12 purity was
maintained above 97 percent at. ell times.

There is an uncertainty of 1.5 percent associatedmwith the adiabatic

efficiencies at wheel tip speeds of less than 1036 feet per second due to
experimental errors 1n messuring smsll temperature rises and pressure
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ratios. For a wheel tip speed of 1036 feet per second, calculation of

the weight flow from the exit survey gave s value of 22.6 pounds per
gecond per square foot frontal area, whereas the value from the calibrated
nozzle wag 22,3 pounds per second per sguare foot frontal sres, a dif-
ference of 1.3 percent.

RESULTS AND DISCUSSION
Over-All Performance

Stall-free performance. - The over-all performence of the rotor in
terms of equivalent weight flow, total-pressire ratio, and adiabatic
efficiency is shown in figure 4. The peak efficiency (survey data point)
at a wheel tip speed of 1036 feet per second was 92 percent at an equiv-
alent weight flow of 24,3 pounds per second per squere foot frontal area
in air and a total-pressure retio of 1.93. The maximum flow for a wheel
tip speed of 1036 feet per second was 25.6 pounds per second per square
foot frontal area 1n air. When the speed was increased to 1184 feet per
second, the peak efficiency decreased to a value of 86 percent at an
equivalent weight flow of 25.4 pounds per second per square foot frontal
area in air at a total-pressure ratlo of 2.34, The maximum flow for a
wheel tip speed of 1184 feet per second was 27.5 pounds per second per
square foot frontal area in air., When the speed was reduced to wheel
t1lp speeds less than 1036 feet per second, the peak adisbaltic efflciency
remained above 90 percent. The maximm flows indicated in figure 4 for
low wheel speeds represent a limit imposed by the test rig and are not
the choking of the flow In the rotor.

Performsnce during stalled operstion. - The stall-limit line, as
shown in figure 4(a), is the locus of incipient-stall points. At a
wheel tip speed of 1036 feet per second, the incipient-stall point
occurs et a flow of 22.2 pounds per second per square foot frontal asrea
in air, an efficiency of 89 percent, and a total-pressure ratio of 1.92.
At a wheel tip speed of 1184 feet per second, the incipilent-stall point
is also the maximum-efficiency operating point.

When the flow is reduced to & value less than the value at the
incipient-stall points, s rotating stell develops and causes a discon-
tinuous change in the performance characteristic (fig. 4). Because of
this discontinulty in the performance characteristic curve, this type of
stall is called Yabrupt". If the flow 1s allowed to increase after
obtaining the sbrupt stall, the rotor recovers from rotating stall at a
greater value of equivalent weight flow than that at the ineciplent-stall
point, thus giving the overlspping of the two branches of the constant-
speed performance characteristic curve.(fig. 4(a)).

Ty
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During stalled operation the rotor efficlency was low. At s wheel
tip speed of 1036 feet per second, the-adlabatic efficlency was 80 per- -
cent at an equivalent weight flow of 20.2 pounds per second per square
foot frontal ares in air and a total-pressure ratic of 1.79. As the
flow was further reduced while operating at a wheel speed of 1036 feet
per second, the adisbatic efficiency and total-pressure ratla decreased.
At all other speeds where stall data were taken, the adlabatic efficlen-
cles were low, and the total-presswre ratio arnd efficiency both decreased
repidly with a decrease in flow.

3737

Inlet Flow

The radial variations in relative inlet Mach number and incildence
angle are shown in figures 5(a) and (b), respectively. At all speeds,
the relative inlet Mach number (fig. 5(a)}) is higher at the tip than
the hub, At a wheel tip speed of. 1036 feet per second, the relative
inlet Mech number at maximum-effilciency operation was 1.05 near the tip
and 0.66 near the hub. This range of inlet Mach numbers 1s typical for
current transonic rotors when operating at design wheel tip speeds of
approximately 1000 feet per second.

When the flow is reduced while operating at a constant speed, the ¥
relative inlet Mach number remains approximetely constant, whereas the
incidence angle increases (fig. 5(b)). At a wheel tip speed of 1036
feet per second, the relative inlet Mach number nesr the tip (a radius
of 6.66 in.) varies from 1.05 to 0.99, whereas the incidence angle (at
the spame radius) varies from 0.4° to 5.1° for the entire stall-free
range of weight flows. The incidence sngle near the hub is smaller than
the value near the tip, although the range of incildence angle from the
maximm-flow point to the incipient-stall point remsins spproximately
the same at all radii. At a wheel tip speed of 1036 feet per second,
the 1ncidence angle near the hub (a radius of 3,85 in.) is -5.2° at the
meximm-Plow point and 0.5° at the incipient-stall point. As the speed
is increased while opersting at inciplent-stall points, the incidence
angle decreases. Nesr the mean radius (a radius of 5.05 in.) the in-
cidence angle is 7.8° for a wheel tip speed of 518 feet per second and
4,0° for a wheel tip speed of 1036 feet per second.

Exit Flow

The rediasl variations of sbsolute discharge Mach number, sbsolute
discharge angle, and total-pressure ratlo are given in filgures 6(a),
(b), and (c), respectively, far the meximum weight flow, maximum effi- -
ciency, and incipient-stall points, The radial varistion of absolute
discharge Mach number (fig. 6(a)) is smell at all speeds tested except
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at a wheel tip speed of 1184 feet per second at™the maximum-weight-flow
operating point. At a wheel tip speed of 1184 feet per second the abso-
lute Mach number near the hub (a radius of 5.36 in.) is 1.37; whereas '
near the tip (a radius of 6.96 in.) it decreases to 0.90.

As the flow is reduced while operating at constant speed, the abso-
lute Mach number is reduced. At a wheel tip speed of 1036 feet per second
and a radius of 6.06 inches (near the pitch radius), the sbsolute Mach
number is reduced from a value of 0.94 at the maximum-flow point to a val-

"ue of 0.88 at the incipient-stall point; whereas, at a wheel tip speed of

518 feet per second and & radius of 6.06 inches, the corresponding values
are 0.52 and 0.47.

The radial distribution of absolute discharge angle (fig. 6(b)) is
approximately the same for comperable operating points at wheel tip speeds
of 622 and 829 feet per second in air. At higher speeds, the radial
variation of absolute discharge angle Increases for operation at the
maximum-flow and meximm-efficiency points. For exsmple, with operation
at the maximun-fiow points, the radisl variastion of sbsolute angle is
approximately 15° at a wheel tip speed of 1036 feet per second and only
about 6° at a wheel tip speed of 518 feet per second. The radial varia-
tion of absolute angle at the inciplent-stall polnts 1s spproximately
the same for all speeds tested.

The radiael distribution of total-pressure ratio is shown in figure
6(c). The maximum radial variation, which occurs at a wheel tip speed
of 1184 feet per second, is from a value of 2,07 near the hub (radius
of 5.66 in.) to a value of 1.72 near the tip (radius of 6.96 in.). The
radial distribution of total-pressure ratio is approximately uniform at
the lower wheel tip speeds.

Rotating Stell

At 211 speeds where stall data were taken, the rotating stall was
an abrupt single-zone total-span stall which covered spproximately one-
third of the annulus area snd always rotated in the direction of wheel
rotation at a speed of approximetely 77 percent of rotor speed.

Radial Distribution of Blade-Ioading Characteristics
The diffusion factor (a blade-loading parameter for the minimm-
loss-incidence-angle condition, derived in ref. 6) was used as an approx-

imate measure of the blasde loading. Filgure 7 gives the varigtion of dif-
fusion factor with welght flow at three radial locations.
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It is noted that, -at the inciplent-stall points, the diffusion
factor attains a value of 0.6 at the tip for all speeds (fig. 7(a)). At
other radii (figs. 7(b) and (c)), the values at the incipient-stall
points are less and very with speed. Since the diffusion factor is
greatest at the tip and is independent of speed, thils blade-laading
parameter indicates that the tip radius was the most critical. Alsoc,
the value of diffusion factor of 0.6 at the tip evidently was a limit
for this rotor, but there is no reascn to believe that this value has
any slgnificance for other compressors.

Furthermore, slnce at the incipient-stall points the largest incl-
dence angle occurs at the tip at all speeds (fig. 5(b)), the tip section
is the most critical in regard to incidence sngle, It 1s thus believed
that the stall begins at the tip snd then instantaneously spreads scross
the entire span, thus giving an abrupt total-span stall.

Flow fluctuations. - The qualitative study of the flow fluctuations
in the entrance and the exit with the hot-wire anemometers dwring stelled
operation showed that the amplitude was large and of the approximate
order of magnitude of the. time-averaged value. The amplitudes of the
fluctuations were approximately the same In the inlet and the exit and
appeared relatively independent of speed and readius.

Pressure fluctuations. - The intensities of the static-pressure
fluctuations on the casing, which were obtalned from the catenary
diaphragm pressure transducers, are shown in flgure 8 for operating
points during stalled operation near the incipient-stali point and
stgll-free operation at the maximum-flow point. When the impeller is
operating in stall, the Intensity of the pressure fluctuations in the
inlet increase with increasing speed to large values, but the fluctua-~
tion intensity in the exit is negligible (fig. 8(a)). For example, at
a wheel tip speed of 1036 feet per second, the root-mean-square fluctua-~
tion intensity at the inlet during stalled operation is approximately
12 percent of the time-averaged static pressure obtained from the static
teps on the casing, whereas the peak-to-pesk fluctuation 1ntensity 1s
66 percent of the time-averaged static pressure. For stalled operation
at a wheel tip speed of 1036 feet per second, the root-mean-square fluc-
tustion intensity at the exit is 2 percent of the time-averaged static
pressure, whereas the pesk-to-pesk velue 1s 4 percent. The magnltude
of these exlt statlc-pressure fluctuations i1s approximstely equal to the
noise level of the pressure-transducer systemn.

During stall-free operation, the intensity of the pressure fluctua-
tions 1is small at the exit and entrance except at a wheel tip speed of
1036 feet per second, where the fluctuations at the entrance become
large (fig. 8(b)). The relative inlet Mach number at the tip became
slightly supersonic at a wheel tip speed of 1036 feet per second (fig.
5(a)). The waves from the resulting pressure wave system travel upstream

3137
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and produce an unsteady pressure fluctuation shead of the impeller (fig.
8(b}). As the speed is increased, these waves become contained by the
blades, and the intensity of the pressure fluctustion decreases. The
root-mean-square fluctuation intensity of these waves is 9.5 percent of
the time-averaged static pressure; however, the peak-to-peak intensity

is 33.6 percéiit of the time-averaged static pressure. At s wheel tip
speed of 1184 feet per second, the root-mean-square fluctuation intensity
in the entrance and exit 1s greater than the intensities at low speed
because of unsteady conditions associated with flow at Mach numbers near
sonic (see figs. 5(a) and 6(a)).

Evaluation of Weight-Flow Range

In order to determine the suitability of this high-solidity low-
aspect-ratio transonic rotor with respect to range of welght flow, the
range of this rotor was compared with that of the two transonic inlet
stages of an elght-stage axial-flow compressor (refs. 7 and 8).

This eight-stage compressor when properly matched with & turbine
could produce an engine with some weight-flow range avallsble for accel-
eration. 1In the comparison of the weight-flow ranges, the best match
point of the inlet stages of the elght-stage compressor was assumed to
occur at a wheel tip speed of 1051 feet per second and an equivalent
weight flow of 24.5 pounds per second per square foot of frontal area.

The assumed match point of the high-solildity trensonic rotor was at a
wheel tip speed of 1036 feet per second and an eguivalent welght flow of
24.3 pounds per second per square foot frontal area. A constant stator
loss of 10 percent of the stator-inlet kinetic energy was assumed for

the high-solidity transonic rotor. The stator was also assumed to Impose
no additional restriction on the range in weight flow of the high-solidity
transonic rotor. The pressure ratio developed by the high-solidity tran-
sonlc rotor (including the assumed stator losses), and the two transonic
stages at their match points were very nearly the same (1.74 and 1.70,
respectively). The transonic inlet stsges and the high-solidity transonic
rotor were compered on the basls of the dimensionless exit parameters,

(vn /62/82) /(w, /ez/sz) q =nd (U/ /ez)/(U/. /ez) q» since the weight flow, the
speed, and the state of the gas at the exit of the inlet stages must be the
inlet conditions for the remainder of the compressor.

The most significant criterion for the evaluation of the stall-free
weight-flow range of a_ stage would be one based on the range of welght
flow between the compressor-stell line and the equilibrium operating line,
since a8l1l weight-flow ranges at values higher than the equilibrium oper-
ating line are without significance. If 1t can be assumed that, when the
high-solidity transonic rotor and the two transonic stages are each staged
with comparable latter stages, the two compressors when used in engines
would have identical engine equlilibrium operating lines, the range in

cumnassilill
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weight flow of the high-solidity transonle rotor and the two transonle
stages cen be compared by comparing the first-stage stall lines. Fipure
9 shows the stall-limit line of the high-solidity transonlc rotor, the
stall line of the inlet stages of the eight-stage compressor, and the
stall-limlt line of-the eight-stage compressor. Since the high-solidity
transoulc rotor initiates stall at & higher percentage of design weight
Tlow than the two transonic inlet steges, the cross-hatched area between
the stall lines is a measure of the difference in stall-free range. For
example, at a speed of 60 percent of design, the two transonlc stages
initiate stall at a corrected weight flow of 52.5 percent of design flow,
while the high-solldity transonmic rotor stalls at a flow of 62.5 percent
of design filow. Thus, the high-solidity transonic rotor has less stall-
free range than the two inlet transonic stages of the elght-stage com-
pressor. Furthermore, because of the severity and radial extent of the
flow fluctuations which persist throuvughout the high-solidity transonic
rotor during stalled operation, it is doubtful whether this rotor could
be staged with conventlonal stages and operate efficiently when the
rotor 1s stalled.

Comparison of Performance of Unmodified end
High-Solidity Transonic Rotors

The removal of the inlet gulde vanes and the cutting back of the
blade trailing edge reduced the work input of this rotor and thus reduced
the total-pressire ratic developed by the rotor. The total-pressure
ratioc was reduced spproximstely 20 percent from that developed by the
unmodified rotor (ref. 4) for comparsble wheel speeds.

The efficiencies of the unmodified and modified rotors were compared
for several operating points of the two rotors. Comparaeble rotor oper-
ating points were obtained by selecting from the data those pailrs of
conditions for which the relative inflow directions to the rotors were
the ssme and for which the inflow relative Mach numbers were equal.
(Comparable rotor. operating points, therefore, did not occur at the same
wheel tip speeds.) Because the hub-to-tip conditions varled differently,
it was only possible to match using average conditions. The adiebatic
efficlencies of the unmodified rotor (ref. 4) were approximately equal
to those of the high-solidity transouic rotor during stalled operation.
Since the efficiencies were approximately equal, it might be suspected
that some type of stall or surge was presenht over the entlre range of
flow of the ummodified rotor. However, the unsteady flow was not studled
at comparsble wheel tip speeds in the unmodifled rotor to substantiate
the presence of stall or surge. Surge was not encountered at any speed
in the modified high-solidity transonic rotor.

3737
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Stator Problems

Averasge discharge Mach mumber and angle. - The mass-averaged abso-
lute discharge Mach number is plotted sgeinst the mass-averaged sbsolute
discharge angle In figure 10, The absolute discharge angle varies only
3° as the speed is increased while operating at points of maximum rotor
efficiency. The sbsolute discharge angle varies only 12° over the entire
stall-free range of weight flow. This small variation in the gbsolute
discharge angle over the weight-flow range is due to the small stall-
free range of weight flow. Since the sbsolute dlischarge angle is di-
rectly relsted to the stator incldence angle, the range of stator
incidence angle would alsoc be 12°.

Stator design incidence angle. - Compressor tests involving double-
circular-arc blades (ref. 9) show that, at inlet Mach numbers of 0.8 or
higher, the incidence angle is a critical factor in attaining efficlent
flow. At lower inlet Mach numbers (ref. 9), efficlent flow can be at-
tained over a wide range of incidence angles. Since the gbsolute dis-
charge Mach mumber from the rotor is high subsonic at high speeds (fig.
10), Judicious selection of the design incidence angles is necessary for
the attainment of effilcient flow. At lower speeds the rotor discharge
Mach number is reduced, and therefore efficient flow can be attained over
an gpprecisbly larger range of incidence angles or range of welght flows.

Radial varistions of angle, Mach number, and pressure ratio. - The
radisl varistion of absolute dlscharge angle, absolute discharge Mach
number, and total-pressure ratlo at the entrance to the stator are given
in figure 6. The radizl distribublon of ebsolute discharge Mach number
is quite uniform at all speeds except 1184 FTeet per second (fig. 6(a)),
where the absolute discharge Mach mumber varies from spproximately 0.9
at the tip to 1.3 at the hub.

The maximm radial variation of absolute angle is 18.5° and occurs at
a wheel tip speed of 1184 feet per second at the maximum-welght-flow con-
ditions (fig. 6(v)). The maximm radial varistion in sbsolute angle st
the maximum-efficiency operating points is 10° and occurs at a wheel
speed of 1036 feet per second (fig. 6(b)). The radial varistion of
absolute angle at incipient-stall polnts is approximately 11° for all
speeds,

There are no large radial gradients of the total-pressure ratio
(fig. 6(c)). Therefore, one of the stator problems is eliminated; that -
is, the problem of stator mixing losses.

Stator bhlade vibratlons. - Since the rotor has a span of only 1.84
inches at the exit, the stators would have an aspect ratio of the order
of those found in the exit stages of multistage axial-flow compressors
and would have a high resonant freguency. Therefore, no serious blade
vibrations due to resonance during stalled operstion would be expected.
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SUMMARY OF RESULTS

A high-solidity low-aspect-ratlo transonic rotor with an inlet hub-
tip radius ratio of 0.52 was tested, and the performance was analyzed
with regard to its sultability as an Inlet stage of a multistage compres-
sor. A rotor with a low aspect ratioc can be expected to be rugged and
free of blade vibration problems, Resulits of the tests and analyses are
as follows: .

1. The rotor developed an efficiency of 92 percent and s total-
pressure ratio of 1.83 at an equlvalent wheel tlp speed of 1036 feet per
second. At all lower speeds, the pesk efficlency remained above 90
percent. ' '

2. At all speeds an sbrupt total-span rotating stall was observed,
which consisted of one stalled region rotating at spproximately 77 per-
cent of wheel speed. The stalled region covered approximastely one-third
of the ennulus area.

3. Blade stall occurred over the whole blade span but was initisted
at the tip because of the higher 1incidence angle and the greater diffu-
sion required. TFor all speeds, stall occurred when the dlffusion factor
reached 0.6 gt the tip of the blades.

4, Qualitative results from hot-wire anemometers during stalled
operation indicate that the amplitude of the flow fluctuatione are of
the approximate order of magnitudes of 100 percent of the time-averaged
value of flow. The amplitude is approximately the same in the inlet and
exit and appears relatively Independent of speed.

5. During operation with rotating stall, the static-pressure fluc-
tuations at the casing are large in the inlet and increase with luncreases
in speed. At a wheel tip speed of 1036 feet per second, the root-mean-
square fluctustion intensity and the peak—to-peak fluctuation intensity
during stalled operation are 12 percent and 66 percent of the time-
averaged statlc pressure, respectively. The pressure fluctuations in
the exlt are negligible.

During stall-free operation, the static-pressure fluctuations in
the inlet and exit are smal]l except at a wheel tip speed of 1036 feet
per second, where waves, which arise from the pressure-wave system at
the tip radius, travel upstream.

6. A comparison of the weight-flow range of this high-sclidity trans-
sonic rotor with that of the two tramsonlc stages used in an elght-svage
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high-pressure-ratio axigl-flow compressor revealed that the stall-free
welght-flow range of the transonic stages was larger than that of this
high-solidity transonic rotor.

Lewis Flight Propulsion Iaboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, September 18, 1955
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